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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic elecroluminescence element 
capable of using an inexpensive, stable metal usually used as a circuit forming 
material as a cathode material, with a low energy barrier in electron injection into 
an organic layer, low driving voltage, high efficiency, and high brightness. 
SOLUTION: An organic layer coming in contact with a cathode 6 is formed with a 
mixture layer 5 comprising an organic metal complex compound containing at least 
one of an alkali metal ion, an alkali earth metal.jon, and a rare earth metal ion, and 
an electron transport organic material, and metal capable of reducing the metal ion 
contained in the organic metal complex compound which is the constituting 
material of the mixture layer 5 into a metal in vacuum is used as a cathode 
material. 
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S * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the organic electroluminescent element which has at least much more luminous layer which 
consists of organic compounds between the anode plate electrode which counters, and a cathode 
electrode The organic layer of the part which touches the above-mentioned cathode electrode Alkali- 
metal ion, alkaline-earth-metal ion, It is constituted by the mixolimnion of the organometallic complex 
compound and the electronic transportability organic substance containing at least one sort of rare 
earth metal ion. And the organic electroluminescent element characterized by consisting of a metal with 
which this cathode electrode may return into a vacuum the alkali-metal ion contained in the 
organometallic complex compound in this mixolimnion, alkaline-earth-metal ion, and rare earth metal ion 
to a metal. 

[Claim 2] The organic electroluminescent element with which the above-mentioned mixolimnion is 
formed of vapor codeposition in an organic electroluminescent element according to claim 1. 
[Claim 3] The organic electroluminescent element whose metal used for a cathode electrode in an 
organic electroluminescent element according to claim 1 or 2 is aluminum, Zr, Ti, Y, or Sc and Si. 
[Claim 4] The metal used for a cathode electrode in an organic electroluminescent element according to 
claim 1 or 2 is 1 of aluminum, Zr, Ti, Y, and Sc and Si. Organic electroluminescent element which is an 
alloy containing beyond a seed. 

[Translation done.] 
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2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the organic electroluminescent element (it abbreviates 

to an organic EL device hereafter.) used for the flat-surface light source or a display device. 

[0002] 

[Description of the Prior Art] The organic EL device with which a luminous layer consists of organic 
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compounds attracts attention as what realizes the large area display device of a low-battery drive. It is 
that Tang and others does the laminating of the organic compound with which carrier transportability 
differs for efficient-izing of a component, and considers as the structure where an electron hole and an 
electron are poured in with balance more sufficient than an anode plate and cathode, respectively, and 
the thickness of an organic layer moreover considers as 2000A or less. 10V They are 1000 cd/m2 at the 
following applied voltage. It succeeded in acquiring sufficient high brightness for utilization of 1% of 
external quantum efficiency, and a well head (Appl.Phys.Lett., 51, and 913. (1987)). In this efficient 
component, he used small Mg (magnesium) of a work function in order to reduce the energy barrier 
which poses a problem to the organic compound it is considered fundamentally that is an insulating 
material, in case Tang and others pours in an electron from a metal electrode. Mg tends to oxidize in 
that case, and since it was lacking in being unstable and the adhesive property to an organic front facie, 
it was comparatively stable, and moreover, it alloyed on the organic front face by good Ag (silver) and 
the vapor codeposition of adhesion, and used for it. 

[0003] the group (the 51st Japan Society of Applied Physics academic lecture meeting, collection of 
lecture drafts 28 a-PB -4, p.1040) of Toppan Printing Co., Ltd., and the group (the 54th Japan Society 
of Applied Physics academic lecture meeting — ) of Pioneer Electronic Corp. Collection of lecture drafts 
29 p-ZC -15 and p.1127 By making it stabilize by alloying with aluminum (aluminum) using Li with a still 
smaller work function (lithium) from Mg, and using as cathode, driver voltage lower than the component 
using Mg alloy and high luminescence brightness are attained. Moreover, this invention persons vapor- 
deposited the lithium very thinly to about 10A independently on the organic compound layer, and have 
reported that the bilayer mold cathode which carried out the laminating of the silver from on the is 
effective in implementation of low driver voltage (IEEE Trans.Electron Devices., 40, and 1342 (1993)). 
[0004] recently — UNIAX Pei of a shrine ** — lithium salt was doped to the polymer luminous layer, 
and it has succeeded in falling driver voltage (Science, 269, and 1086 (1995)). This is in situ about the 
polymer molecule near the electrode by making Li salt distributed in the polymer luminous layer 
dissociate, and distributing Li ion and a counter ion near cathode and the anode plate by electrical- 
potential-difference impression, respectively. It dopes. In this case, since the polymer near the cathode 
exists in the state of the radical anion returned by Li which is an electron-donative (donor) dopant, the 
electron injection obstruction from cathode becomes very lower than the case where Li doping is not 
carried out (Science, 269, and 1086 (1995)). Furthermore, recently, this invention persons succeeded in 
reducing driver voltage by doping rare earth metals, such as alkaline earth metal, such as alkali metal, 
such as a lithium, and strontium, and samarium, in the organic layer which touches ciathode (SID97 
DIGEST-P775). This makes the organic layer which touches an electrode a radical anion condition by 
metal doping, and since the electron injection obstruction from cathode was reduced sharply, it is 
considered. 

[0005] However, when component degradation by oxidation of an electrode etc. takes place also in Mg 
or the alloy electrode of Li, since the function as a wiring material must be taken into consideration, with 
an alloy electrode, a limit is received in electrode material selection. In this invention persons' bilayer 
mold cathode, in the thickness of Li layer not carrying out a cathode function in 20A or more (IEEE 
Trans.Electron Devices., 40, 1342 (1993)), vacuum evaporation© of about 10A very thin Li is difficult 
thickness control, and a problem is -in the repeatability of component production, moreover, Pei ** — in 
situ which adds a salt and is made to dissociate in electric field in a luminous layer By the doping 
method, there is a fault to which the transit time of a up to near the electrode of the dissociated ion 
becomes rate-limiting, and a component speed of response becomes remarkably slow. In the approach 
of doping an organic layer with a metal, since doping concentration affects a component property, 
dopant concentration needs to be precision controlled at the time of organic layer membrane formation. 
[0006] 

[Objects of the Invention] This invention is realizing low driver voltage irrespective of the work function 
of a cathode material by being made in view of the above situation and reducing the energy barrier in 
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the electron injection from cathode to an organic compound layer by the approach simple [ the 
purpose ] and positive. Other purposes of this invention are offering the component which may discover 
the property beyond it like the case an above-mentioned alloy's being used as an electrode, even when 
the cheap and stable metal generally used as wiring material from the former like aluminum is 
independently used as a cathode material. 
[0007] 

[Summary of the Invention] Namely, this invention is set to the organic EL device which has at least 
much more luminous layer which consists of organic compounds between the anode plate electrode 
which counters, and a cathode electrode. The organic layer of the part which touches the above- 
mentioned cathode electrode Alkali-metal ion, alkaline-earth-metal ion, It is constituted by the 
mixolimnion of the organometallic complex compound and the electronic transportability organic 
substance containing at least one sort of rare earth metal ion. And it is characterized by consisting of a 
metal with which this cathode electrode may return into a vacuum the alkali-metal ion contained in the 
organometallic complex compound in this mixolimnion, alkaline-earth-metal ion, and rare earth metal ion 
to a metal. 

[0008] Although there will be especially no limit if it is the metal which may return to a metal the metal 
ion contained in the organometallic complex compound which constitutes the organic layer (henceforth, 
electron injection layer) which touches cathode as a metal used for a cathode electrode in a vacuum, 
aluminum, Zr, Ti and Y, Sc, Si, etc. are desirable, for example. Even if cathode consists of these metal 
independent, it may consist of an alloy containing a kind of the metals, such as aluminum, and Zr, Ti, Y, 
Sc, Si, or two or more sorts. The above metal and its alloy are high-melting, and can return the metal 
ion in an organometallic complex compound to a metal in a vacuum. 

[0009] Generally, some of alkali metal, alkaline earth metal, and rare earth metals show high maximum 
vapor tension compared with aluminum of a refractory metal etc., and it is known in reaction 
temperature in which oxidation and a reduction reaction occur that the compound can be returned by 
aluminum, Si, Zr, etc. which are a refractory metal. For example, it is known that a calcium oxide is 
returned by aluminum, metal calcium will separate (volume chemistry handbook and on applied chemistry 
1, P369), an oxidization rubidium (a metal handbook, P88) and a strontium oxide (a metal handbook, P89) 
will also be returned by aluminum, and metal rubidium metallurgy group strontium will separate. 
[0010] Production of the metal electrode in an organic EL device is performed in the vacuum of 10 to 5 
or less torrs, and melting and the atom-like metal after volatilization reach on a substrate. Therefore, if 
the metal Which has heat reducibility, such as aluminum, Si, and Zr, acts on an alkali metal compound, an 
alkaline-earth-metal compound, and a rare earth metal compound by the shape of an atom, it is possible 
for you to return a metal and to make it isolated from metallic compounds by the reduction reaction 
under the vacuum in the aforementioned example. At this time, if an electron injection layer is a 
mixolimnion of this organometallic complex compound and the electronic transportability organic 
substance, from an organometallic complex compound, the electronic transportability organic substance 
with which the alkali metal which returned and separated, alkaline earth metal, and a rare earth metal 
adjoin will be returned efficiently, and a metal doping layer will be formed. 

[0011] When the alkali metal compound returned, an alkaline-earth-metal compound, and rare earth 
metal compounds are inorganic compounds* such as an oxide and fluoride, evaporation temperature may 
be high on account of the high stability, and vapor codeposition with the electronic transportability 
organic substance may be difficult. Moreover, it is expected that the molecule which remains without 
being returned for [ the ] high insulation raises the driver voltage of a component. 
[0012] This invention is made in view of the above situation. An alkali metal compound, An alkaline- 
earth-metal compound and a rare earth metal compound are used as the organometallic complex 
compound instead of an inorganic compound. After mixing both with the electronic transportability 
organic substance by vapor codeposition and forming as a mixolimnion, When the metal which may 
return in a vacuum the metal ion contained in an organometallic complex compound to a metal is used 
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as cathode on this mixolimnion, the reducing power in the inside of the vacuum of this cathode metal is 
used. By separating the metal returned from the organometallic complex compound, and returning the 
electronic transportability organic substance which adjoins by the free gold group further, an electron 
injection obstruction is made small and it succeeds in reducing driver voltage. 

[0013] In this invention, as an organometallic complex compound which is the component of an electron 
injection layer It constitutes from an organometallic complex compound containing at least one sort of 
alkali-metal ion, alkaline-earth-metal ion, and rare earth metal ion. As a cathode material Use the metal 
which may return to a metal the metal ion contained in the organometallic complex compound which is 
the component of an electron injection layer in a vacuum, and the reducing power in the inside of the 
vacuum of such a metal is used. By separating the metal of an organometallic complex compound and 
returning an organic-compound by the free gold group further, an electron injection obstruction is made 
small and it succeeds in reducing driver voltage. In this invention, as an organometallic complex 
compound used for an electron injection layer, if it is the thing of alkali-metal ion, alkaline-earth-metal 
ion, and rare earth metal ion which contains a kind at least as a metal ion, there will be especially no 
limitation. To a ligand, moreover, quinolinol, benzoquinolinol, AKURIJI Norian, Phenan TORIJI Norian, 
hydroxyphenyl oxazole, a hydroxyphenyl thiazole, Hydroxy diaryl OKISA diazole, hydroxy diaryl 
thiadiazole, A hydroxyphenyl pyridine, hydroxyphenyl benzimidazole, Although hydroxy benzotriazol, 
hydroxy full borane, a bipyridyl, a phenanthroline, a phthalocyanine, a porphyrin, a cyclopentadiene, beta- 
diketones, azomethines, those derivatives, etc. are desirable, it is not limited to these. 
[0014] 

[The gestalt of invention implementation] Drawing 1 is the mimetic diagram showing 1 operation gestalt 
of the organic EL device by this invention. It has come in order to carry out the laminating of the 
electron hole transportation layer 3 and luminous layer 4 which have the transparent electrode 2 which 
constitutes an anode plate electrode, and electron hole transportability, the electron injection layer 
(mixolimnion) 5 (organic layer), and the cathode electrode 6 on a glass substrate (transparence 
substrate) 1. Among these elements (layer), a glass substrate (transparence substrate) 1, a transparent 
electrode 2, the electron hole transportation layer 3, and a luminous layer 4 are well-known elements, 
and have the description which the electron injection layer (mixolimnion) 5 and the cathode electrode 6 
proposed by this invention. As a concrete laminating configuration of an organic EL device, in addition, 
an anode plate / luminous layer / electron injection layer (mixolimnion) / cathode, An anode plate / 
electron hole transportation layer / luminous layer / electron injection layer (mixolimnion) / cathode, an 
anode plate / electron hole transportation. layer / luminous layer / electronic transportation layer / 
electron injection layer (mixolimnion) / cathode, Although an anode plate / hole-injection layer / 
luminous layer / electron injection layer (mixolimnion) / cathode, an anode plate / hole-injection layer / 
electron hole transportation layer / luminous layer / electron injection layer (mixolimnion) / cathode, a 
pole / hole-injection layer / electron hole transportation layer / luminous layer / electronic 
transportation layer / electron injection layer (mixolimnion) / cathode, etc. are mentioned as for the 
organic EL device by this invention, the combination of the ingredient of the electron injection layer 
(mixolimnion) 5 and the cathode electrode 6 fulfills the aforementioned conditions of this invention — as 
long as it is, you may be what kind of component configuration. 

[0015] If an organometallic complex compound and the~ electronic. transportability organic substance are 
mixed by homogeneity, the method of forming the above and the electron injection layer (mixolimnion) 5 
may be what kind of thin film forming method, for example, vacuum deposition and a spatter can be used 
for it. Moreover, by spreading from a solution, when thin film formation is possible, the method of 
applying from solutions, such as a spin coating method, a DIP coating method, and the ink jet method, 
can be used. 

[0016] Moreover, although vacuum deposition and a spatter can be used for the method of forming the 
above-mentioned cathode electrode 6, if it is a method of forming membranes in a vacuum, it will not be 
limited to it. 
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[0017] As an organic compound which can be used as the electronic transportability organic substance 
of an electron injection layer (mixolimnion), a luminous layer, and an electronic transportation layer 
Although there is especially no limitation, polycyclic compounds and those derivatives, such as para 
terphenyl and a quaterphenyl, Naphthalene, tetracene, a pyrene, coronene, a chrysene, an anthracene, 
Condensed multi-ring hydrocarbon compounds and those derivatives, such as a diphenyl anthracene, a 
naphthacene, and a phenanthrene, A phenanthroline, bathophenanthroline, phenanthridine, an acridine, 
Condensation heterocyclic compounds and those derivatives, such as a quinoline, quinoxaline, and 
phenazine, Non [ fluorescein, perylene, phtalo perylene naphthalo perylene and peri ] Phtalo peri non, a 
diphenyl butadiene, a tetra-phenyl butadiene [ naphthalo peri non, I OKISA diazole, aldazine, bis- 
benzoKISAZORIN, bis-styryl, Pyrazine, a cyclopentadiene, an oxine, an amino quinoline, an imine, Those 
derivatives, such as diphenylethylene, a vinyl anthracene, a diamino carbazole, a pyran, thiopyran, poly 
methine, merocyanine, Quinacridone, and rubrene, etc. can be mentioned. 

[0018] Moreover, JP,63-295695,A, JP,8-22557,A, The metal chelate complex compound currently 
indicated by JP,8-81472,A, JP,5-9470,A, and JP.5-1 7764,A, Especially A metal chelation OKISANOIDO 
compound, for example, tris (8-quinolinolato) aluminum, Screw (8-quinolinolato) magnesium, screw 
[benzo(f)-8-quinolinolato] zinc, Screw (2-methyl-8- quinolinolato) aluminum, a tris (8-quinolinolato) 
indium, Tris (5-methyl-8- quinolinolato). aluminum, 8-quinolinolato lithium, The metal complex which has 
at least one of 8-quinolinolato, such as a tris (5-chloro-8- quinolinolato) gallium and screw (5-chloro-8- 
quinolinolato) calcium, or the derivative of those as a ligand is used suitably. 

[0019] JP,5-202011,A, JP,7-179394,A, JPJ-278124.A, The OKISA diazoles currently indicated by JP,7- 
228579,A The triazine currently indicated by JP,7-157473,A, the stilbene derivative currently indicated 
by JP,6-203963,A, and a JISUCHIRIRU arylene derivative, The styryl derivative currently indicated by 
JP,6-132080,A and JP,6-88072,A and the diolefin derivative currently indicated by JP,6-100857,A and 
JP,6-207170,A are also desirable as a luminous layer or an electronic transportation layer. 
[0020] Furthermore, what can also use fluorescent brighteners, such as a benzooxazole system, a 
benzothiazole system, and a benzimidazole system, for example, is indicated by JP,59-194393,A is 
mentioned. As the example of representation, it is 2 and 5-screw (5, 7-G t - pentyl-2-benzoxazolyl). - It 
is 1, 3, and 4. - Thiadiazole, 4 4 f - Screw (5, 7-t-pentyl -2 - benzoxazolyl) stilbene, 4 4' - Screw [5 and 
7-G-(2-methyl-2- butyl)2-benzoxazolyl] stilbene, 2, 5-screw (5.7-G t- pentyl-2-benzoxazolyl) 
thiophene, 2, 5-screw [5-(alpha, alpha - dimethyIbenzyl)-2-benzoxazolyl] thiophene, 2, 5-screw [5 and 
7-G-(2-methyl-2^ butyl)2-benzoxazolyl]-3, and 4- Diphenyl thiophene,- 2, S^screw (5-methyI-2- 
benzoxazolyl) thiophene, 4 4* - A screw (2-benzoxazolyl) biphenyl, 5-methyl -2 - {2-[4-(5-methyl-2- 
benzoxazolyl) phenyl] vinyl} benzooxazole, Benzooxazole systems, such as 2-[2-(4~chlorophenyl) vinyl] 
naphth (1, 2-d) oxazole, 2 2' -(p-phenylene JIPINIREN)- Benzothiazole systems, such as bis- 
benzothiazole, Fluorescent brighteners, such as benzimidazole systems, such as 2-{2-[4-(2- 
benzoimidazolyl) phenyl] vinyl} benzimidazole and 2-[2-(4-carboxyphenyl) vinyl] benzimidazole, are 
mentioned. 

[0021] As a JISUCHIRIRU benzenoid compound, it is the Europe patent 0373582nd, for example. What is 
indicated by the number specification can be used. As the example of representation, 1, 4-screw (2- 
methyl styryl) benzene, 1, 4-screw (3-methyl styryl) benzene, 1, 4-screw (4-methyl styryl) benzene, 
JISUCHIRIRU benzene, 1, 4-screw (2-ethyl styryl) benzene,. 1, 4-screw (3-ethyl styryl) benzene, 1, 4- 
screw -2 (2-methyl styryl) - Methylbenzene, 1, 4-screw -2 (2-methyl styryl) - Ethylbenzene etc. is 
mentioned. 

[0022] Moreover, the JISUCHIRIRU pyrazine derivative currently indicated by JP,2-252793,A can also 
be used as a luminous layer and an electronic transportation layer. As the example of representation, 2, 
5-screw (4-methyl styryl) pyrazine, 2, 5-screw (4-ethyl styryl) pyrazine, 2, 5-screw [2-(1-naphthyl) 
vinyl] pyrazine, 2, 5-screw (4-methoxy styryl) pyrazine, 2, and 5-screw [2-(4-biphenyl) vinyl] pyrazine, 2, 
and 5-screw [2-(1-pyrenyl) vinyl] pyrazine etc. is mentioned. 

[0023] In addition, the JIMECHIRI DIN derivative currently indicated by the Europe patent No. 388768 
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specification and JP,3-231970,A can also be used as an ingredient of a luminous layer or an electronic 
transportation layer. As the example of representation, they are 1, 4-phenylene dimethylidyne, 4, and 4\ 
- Phenylene dimethylidyne, 2, 5-xylylene dimethylidyne, 2,6-naphthylenedimethylidyne, 1,4-biphenylene 
dimethylidyne, 1, 4-p-terephenylene dimethylidyne, 9, 10-anthracene diyl JIMECHIRIDIN, 4, 4' - Biphenyl 
(2 2 - G t - buthylphenyl vinyl), These derivatives, such as a 4 and 4'-(2 and 2-diphenyl vinyl) biphenyl, 
The silanamine derivative currently indicated by JP,6-49079,A and JP,6-293778,A, The polyfunctional 
styryl compound currently indicated by JP,6-279322,A and JP.6-279323.A, The OKISA diazole 
derivative currently indicated by JP,6-107648,A and JP,6-92947,A, The anthracene compound currently 
indicated by JP,6-206865,A, The oxy-NEITO derivative currently indicated by JP,6-145146,A, To the 
tetra-phenyl butadiene compound currently indicated by JP,4-96990,A, 3 organic organic-functions 
compounds currently indicated by JP,3-296595,A, and a pan The coumarin derivative currently indicated 
by JP,2-191694,A, the perylene derivative currently indicated by JP,2-196885,A, The phtalo peri non 
derivative currently indicated by the naphthalene derivative, JP,2-289676,A, and JP,2-88689,A which 
are indicated by JP,2~255789,A, the styryl amine derivative currently indicated by JP,2-250292,A are 
mentioned. Furthermore, the well-known thing currently conventionally used for production of an organic 
EL device can be used suitably. 

[0024] As arylamine compounds used as a hole-injection layer, an electron hole transportation layer, and 
an electron hole transportability luminous layer Although there is especially no limitation, JP,6-25659,A, 
JP,6-203963,A, JP,6-215874,A, JP,7-145116,A, JP,7-224012,A, JP,7-157473,A, JP,8-48656,A, JP,7- 
126226A JP,7-188130,A, JP,8-40995,A, JP,8-40996,A, JP,8-40997,A, JP,7-1 26225,A, JPJ-101 91 1,A, 
The arylamine compounds currently indicated by JP,7-97355,A are desirable, for example, N, N, N\ and 
NT — the - tetra-phenyl -4 and 4* - diamino phenyl — N, N* - Diphenyl-N, N'-JI (3-methylphenyl) -4, a 
4-diamino biphenyl, 2 and 2-screw (4-G p- tolylamino phenyl) propane, N and N, N\ and N' - tetra — p- 
tolyl -4 and a 4-diamino biphenyl — A screw (4-G p- tolylamino phenyl) phenylmethane, N, N' - 
Diphenyl-N, N'-JI (4-methoxypheriy) -4, a 4-diamino biphenyl, N, N, N\ and N' — the - tetra-phenyl -4 
and 4' - diamino diphenyl ether — 4 4' - Screw (diphenylamino) KUODORI phenyl, 4-N, and N- 
diphenylamino - Benzene (2-diphenyl vinyl), 3-methoxy-4'-N and N-diphenylamino still benzene, N- 
phenyl carbazole, 1 and 1 -screw (4-G p- triamino phenyl) - Cyclohexane, 1 and 1 -screw -4 (4-G p- 
triamino phenyl) - Phenylcyclohexane, Screw (4-dimethylamino-2- methylphenyl) - Phenylmethane, N, N, 
and N-Tori (p-tolyl) amine, 4-(G p- tolylamino)-4 -[styryl (G p- tolylamino)] stilbene, [ 4 ] N, N, N', and 
N' — the - tetra-phenyl -4. and 4' - diamino - a biphenyl N-phenyl carbazole — 4 4' - Screw [N-(1- 
naphthyl)-N-phehyl-amino] biphenyl, 4 4"-screw [N-(1-naphthyl)-N-phenyl-ammo] p-terpheriyl, 4 4' - 
Screw [N-(2-naphthyl)-N-phenyl-amino] biphenyl, 4 4' - Screw [N-(3-ASENAFU thenyl)-N-phenyl- 
amino] biphenyl, 1, 5-screw [N-(1-naphthyl)-N-phenyl-amino] naphthalene, 4 and 4' screw [ - ] [N-(9- 
anthryl)-N-phenyl-amino] biphenyl, 4 4' -screw [N-(1-anthryl)-N-phenyl-amino] p-terphenyl, 4 4'- 
Screw [N-(2-phenan tolyl)-N-phenyl-amino] biphenyl, 4 4' - Screw [N-(8-fluoran thenyl)-N-phenyl- 
amino] biphenyl, 4 4' - Screw [N-(2-pyrenyl)-N-phenyl-amino] biphenyl, 4 4' - Screw [N-(2-peri 
RENIRU)-N-phenyl-amino] biphenyl, 4 and 4' screw [ - ] [N-(1-koro NENIRU)-N-phenyl-amino] 
biphenyl, 2, 6-screw (G p- tolylamino) naphthalene, 2, 6-screw [G (1-naphthyl) amino] naphthalene, 2, 6- 
screw [N-(1-naphthyl)-N-amino (2-naphthyl)] naphthalene, 4.4" - screw [N and N-JI (2-naphthyl) 
amino] terphenyl — 4.4' - Screw {N-phenyl-N-[4-(1-naphthyl) phenyl] amino} biphenyl, 4 4' - ScrewlN- 
phenyl-N — (2-pyrenyl) amino] biphenyl, 2 and 6-screw [N and N-JI (2-naphthyl) amino] fluorene, 4, and 
4" - There are screw (N and N-G p - tolylamino) terphenyl, a screw (N-1-naphthyl) (N-2-naphthyl) 
amine, etc. Furthermore, [0025] which can use suitably the well-known thing currently conventionally 
used for production of an organic EL device Furthermore, what distributed the above-mentioned organic 
compound in the polymer as a hole-injection layer, an electron hole transportation layer, and an electron 
hole transportability luminous layer, and the polymeiHzed thing can also be used. The so-called pi 
conjugation polymers, such as poly para-phenylene vinylene and its derivative, the hole transportability 
disconjugation polymer represented in Pori (N-vinylcarbazole), and the sigma conjugation polymer of 
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polysilane can also be used. 

[0026] As a hole-injection layer formed on an ITO (indium-stannic-acid, ghost) electrode (anode plate 
electrode), although there is especially no limitation, conductive polymers, such as metal 
phthalocyanines, such as a copper phthalocyahine, and non-metal phthalocyanines, carbon film, and the 
poly aniline, can use it suitably. Furthermore, Lewis acid can be made to be able to act on the above- 
mentioned arylamines as an oxidizing agent, radical cation can be made to be able to form, and it can 
also use as a hole-injection layer. 

[0027] [Example] — although an example is given to below and this invention is explained to it, thereby, 
this invention is not limited, in addition — vacuum evaporationo of an organic compound and a metal — 
the product made from vacuum machine ** Co. — VPC-400 The vacuum deposition machine was used. 
Measurement of thickness is Sloane DekTak3ST. The sensihg-pin type level difference meter was used. 
The case rhe company source meter 2400 and TOPCON BM-8 luminance meter were used for the 
characterization of a component. ITO of a component Direct current voltage is impressed in the shape 
of a step at a rate for 1 V / 2 seconds by using an anode plate and aluminum as cathode, and it is a 
power surge 1. The brightness and current value after a second were measured. Moreover, using the 
Hamamatsu Photonics PMA-10 optical multi-channel analyzer, EL spectrum carried out the constant 
current drive, and measured. 

[0028] This invention is applied to the organic EL device of the laminating configuration of example 1 
drawing 1 . It is ITO (an indium-stannic-acid ghost, spatter vacuum evaporationo article by Sanyo 
Vacuum Industries Co., Ltd.) of 25ohms of sheet resistance, and ** as an anode plate transparent 
electrode 2 on a glass substrate 1. The coat is carried out. The following type which has electron-hole 
transportability on it: [Formula 1] 




alphaNPD come out of and expressed Under 10-6torr, membranes were formed in the thickness of 500 
** with the evaporation rate of 2 **•/ second, and the electron hole transportation layer 3 was formed. 
Next, the following type which has green luminescence as a luminous layer 4 on said electron-hole 
transportation layer 3: [Formula 2] 




It came out, and on the same conditions as the electron hole transportation layer 3, vacuum deposition 
of the tris (8- quinolinolato) aluminum complex layer (henceforth "Alq") with which it is expressed was 
carried out to the thickness of 650A, and it was formed, in order [ next, ] to make the electron injection 
layer 5 into a mixolimnion on said luminous layer 4 — as an organometallic complex compound — 
following formula: — [Formula 3] 
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It comes out, Alq is chosen for the monochrome (8- quinolinolato) lithium complex (henceforth "Liq") 
expressed as the electronic transportability organic substance, and it is the mole fraction under the 
vacuum of 10-6torr. Vapor codepbsition was carried out by Liq:Alq=1:1 and membranes were formed in 
thickness of 50A. Finally, 1000A of aluminum was vapor-deposited with the evaporation rate of 
1 0A/second as a cathode electrode 6 on said electron injection layer (mixolimnion) 5. A luminescence 
field is 0.5cm long and 0.5cm wide. It considered as the shape of a square. ITO which is the anode plate 
transparent electrode 2 in the aforementioned organic EL device A direct current was impressed 
between aluminum which is the cathode electrode 6, and the brightness of green luminescence was 
measured from the luminous layer 4 (Alq). The white round-head plot in drawing 2 is the brightness of 
this component. - The voltage characteristic is shown and they are a maximum of 27,500 cd/m2. It is 
11V about high brightness. It was set and shown. Moreover, the brightness of 1,000'cd/m2 was obtained 
by 6.5V. 

[0029] It is ITO as well as example of comparison 1 example 1. It is alphaNPD as an electron hole 
transportation layer first upwards. Membranes are formed in the thickness of 500 **, and it is Alq as a 
luminous layer on it. On the same conditions as an electron hole transportation layer, vacuum deposition 
was carried out to the thickness of 700 **, and it formed. Furthermore, said Liq was formed in thickness 
of 5A with the evaporation rate of 1 A/second as an electron injection layer. And the 1,000 ** vacuum 
evaporation© of aluminum was done as cathode from on Liq. The black dot plot in drawing 2 is the 
brightness of this component. - The voltage characteristic is shown and it is 13V. The brightness of a 
maximum of 21000 cd/m2 was given. Moreover, it is 9.5V for obtaining the brightness of 1 and 000 
cd/m2. It needed to impress. 

[0030] It turns out that a mixolimnion like the electron injection layer (mixolimnion) 5 is effective in 
lowering driver voltage from this experiment. 

[0031] Example 2ITO Upwards, it is alphaNPD as an electron hole transportation layer 3. It is Alq as 500 
** and a luminous layer 4. After carrying out vacuum deposition to the thickness of 400 A, the electron 
injection layer (mixolimnion) 5 of Liq and Alq was formed in thickness of 300A on the same conditions as 
an example 1. Moreover, 1000A of aluminum was vapoi^deposited as a cathode electrode 6* and the 
component was produced. This component is applied-voltage 14V. Highest brightness 19,000 cd/m2 was 
given. Moreover, it is 10V for obtaining the brightness of 1 and 000 cd/m2. It needed to impress. 
Although the component property fell a little as compared with the example 1, even if it thickened the 
mixolimnion, the almost same property as the above-mentioned example 1 of a comparison was acquired. 
[0032] It is ITO as well as example of comparison 2 example 2. It is alphaNPD as an electron hole 
transportation layer first upwards. Membranes are formed in the thickness of 500 **, and it is Alq as a 
luminous layer on it. It is the mole fraction under the vacuum of 10-6torr about LiF and Alq which are an 
inorganic compound after carrying out vacuum depositionrto the- thickness of 400A. Vapor codeposition: 
was carried out by LiF:Alq=1:1 and membranes were formed in thickness of 300A. Moreover, 1000A of 
aluminum was vapor-deposited as a cathode electrode 6, and the component was produced. This 
component is applied-voltage 17V. Highest brightness 7,300 cd/m2 was given. Moreover, it is 15.5V for 
obtaining the brightness of 1 and 000 cd/m2. It needed to impress. It turned out that the inorganic 
compound of electric insulation like LiF which remains in a mixolimnion, without being returned as 
compared with an example 2 reduces the property of a component greatly as compared with an 
organometallic complex compound. 
[0033] 
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[Effect of the Invention] This invention the organic layer (electron injection layer) which touches 
cathode Alkali-metal ion, It considers as the mixolimnion of the metal complex compound and the 
electronic transportability organic substance containing at least one sort of alkaline-earth-metal ion and 
rare earth metal ion. By using the metal which may return in a vacuum the metal ion contained in the 
metal complex compound to a metal as a cathode material The cheap and stable metal generally used as 
wiring material from the former can be used as a cathode material, moreover an electron injection 
obstruction is made small, and driver voltage is low and enables production of efficient and the organic 
EL device of high brightness. Therefore,, the organic, EL device of this invention has high practicality, and 
the deployment as a display device or the light source is possible for it. 



[Translation done.] 



* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the. translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS . 



[Brief Description of the Drawings] 

[Drawing 1] It is the type section Fig. showing the example of a laminated structure of the organic EL 
device of this invention. 

[Drawing 2] It is the graphical representation showing the brightness-voltage. characteristic of the 
organic EL device of this invention, and the example of a comparison. . 1 

[Drawing 3] It is the graphjcal representation showing the brightness-voltage characteristic of the 
organic EL ''device of this^nveritidh/'ah'd' the' example of .a .comparison.* ■ / ' . : : 

[Description of Notations] 

1 Transparence Substrate , 

2 Anode Plate Transparence Substrate 

3 Electron Hole Transportation Layer 

4 Luminous Layer. 

5 Electron Injection Layer (Mixolimnion) 

6 Cathode Electrode 



. [Translation done.] 
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